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Table 1: Nominal Dimensions of Rivet Fastened RHFCB Sections  
 
Rivet Fastened RHFCB 
Section (dxbfxdfxtfxtw) 
d (mm) bf (mm) df (mm) tf (mm) tw (mm) 
150x53x18x0.95x0.95 150 53 18 0.95 0.95 
150x53x18x1.15x1.15 150 53 18 1.15 1.15 
150x53x18x1.15x1.50 150 53 18 1.15 1.50 
150x53x18x1.15x0.70 150 53 18 0.70 0.70 
150x53x18x1.15x0.95 150 53 18 0.95 0.95 
200x53x18x1.15x1.15 200 53 18 1.15 1.15 
150x53x18x1.20x1.20 150 53 18 1.20 1.20 
200x53x18x1.20x1.20 200 53 18 1.20 1.20 
250x53x18x1.20x1.20 250 53 18 1.20 1.20 
Note: d, bf, df = External dimensions (see Figure 1 (b)), lf = 20 mm, ri = 0. 
 
 
 
 
  
Table 2: Web Crippling Coefficients in Equation 1 [26] 
 
Support and Flange  
Conditions Load Cases C Cr Cℓ Cw фw 
ri/tw 
Limit
Fastened 
to Support 
Stiffened 
or partially 
stiffened 
flanges 
One-flange 
loading or 
reaction 
End 4 0.14 0.35 0.02 0.85 ≤ 9 
Interior 13 0.23 0.14 0.01 0.90 ≤ 5 
Two-flange 
loading or 
reaction 
End 7.5 0.08 0.12 0.048 0.85 ≤ 12 
Interior 20 0.10 0.08 0.031 0.85 ≤ 12 
Unfastened 
Stiffened 
or partially 
stiffened 
flanges 
One-flange 
loading or 
reaction 
End 4 0.14 0.35 0.02 0.80 
≤ 5 Interior 13 0.23 0.14 0.01 0.90 
Two-flange 
loading or 
reaction 
End 13 0.32 0.05 0.04 0.90 
≤ 3 Interior 24 0.52 0.15 0.001 0.80 
Unstiffened 
flanges 
One-flange 
loading or 
reaction 
End 4 0.40 0.60 0.03 0.85 ≤ 2 
Interior 13 0.32 0.10 0.01 0.85 ≤ 1 
Two-flange 
loading or 
reaction 
End 2 0.11 0.37 0.01 0.75 
≤ 1 Interior 13 0.47 0.25 0.04 0.80 
Note: ϕw = Capacity reduction factor 
 
 
 
 
 
 
 
 
  
Table 3: Web Crippling Coefficients for LSBs [12] 
 
 
 
Load Case Equations C Cr Cl Cw Mean COV ϕw 
ETF AS/NZS 4600 13.0 0.32 0.05 0.04 0.76 0.159 0.90Proposed 12.5 0 0.12 0.07 1.00 0.098 0.87
ITF AS/NZS 4600 24.0 0.52 0.15 0.001 0.31 0.206 0.80Proposed 25.7 0 0.04 0.06 1.00 0.135 0.83
Table 4: Test Specimen Details for ETF Load Case 
 
Test No. Rivet Fastened RHFCB Section (dxbfxdfxtfxtw) 
tf (mm) tw (mm) d1 (mm) d1/tw fyw (MPa) lb (mm) 
1 150x53x18x1.20x1.20 1.24 1.23 109.1 89.0 336 25 
2 200x53x18x1.20x1.20 1.24 1.22 160.0 131.1 336 25 
3 250x53x18x1.20x1.20 1.24 1.24 208.3 167.9 336 25 
4 150x53x18x0.95x0.95 0.91 0.93 119.0 127.9 290 50 
5 150x53x18x1.15x1.15 1.10 1.11 118.6 106.8 310 50 
6 150x53x18x1.15x1.50 1.11 1.58 118.8 75.1 545* 50 
7 200x53x18x1.15x1.15 1.12 1.11 167.6 150.9 310 50 
8 150x53x18x1.20x1.20 1.25 1.24 108.0 87.4 336 50 
9 200x53x18x1.20x1.20 1.24 1.24 160.1 129.6 336 50 
10 250x53x18x1.20x1.20 1.25 1.24 210.0 169.3 336 50 
11 150x53x18x0.95x0.95 0.92 0.92 118.5 128.8 290 100 
12 150x53x18x1.15x1.15 1.11 1.12 118.6 105.8 310 100 
13 150x53x18x1.15x1.50 1.11 1.56 118.6 76.0 545* 100 
14 200x53x18x1.15x1.15 1.11 1.10 167.4 152.1 310 100 
15 150x53x18x1.15x0.70 1.11 0.71 118.3 166.6 303 100 
16 150x53x18x1.15x0.95 1.11 0.90 117.9 131.0 290 100 
17 150x53x18x1.20x1.20 1.24 1.23 109.7 89.1 336 100 
18 200x53x18x1.20x1.20 1.24 1.24 159.5 128.8 336 100 
19 250x53x18x1.20x1.20 1.25 1.24 210.0 170.0 336 100 
20 150x53x18x0.95x0.95 0.91 0.90 120.2 133.5 290 150 
21 150x53x18x1.15x1.15 1.18 1.13 118.1 104.5 310 150 
22 150x53x18x1.15x1.50 1.11 1.53 118.1 77.1 545* 150 
23 200x53x18x1.15x1.15 1.12 1.11 167.5 150.9 310 150 
24 150x53x18x1.20x1.20 1.23 1.23 109.8 89.2 336 150 
25 200x53x18x1.20x1.20 1.23 1.23 158.4 128.7 336 150 
26 250x53x18x1.20x1.20 1.25 1.24 209.3 169.4 336 150 
Note: Measured values of tf, tw and d1 are given in this table. Other values are nominal. lf = 20 mm. *G500 steel web element.  
Table 5: Test Specimen Details for ITF Load Case 
 
Test No. Rivet Fastened RHFCB Section (dxbfxdfxtfxtw) 
tf (mm) tw (mm) d1 (mm) d1/tw fyw (MPa) lb (mm) 
27 150x53x18x1.20x1.20 1.24 1.24 110.2 89.2 336 25 
28 200x53x18x1.20x1.20 1.23 1.25 161.0 129.3 336 25 
29 250x53x18x1.20x1.20 1.24 1.24 213.1 171.8 336 25 
30 150x53x18x0.95x0.95 0.91 0.91 119.8 131.6 290 50 
31 150x53x18x1.15x1.15 1.10 1.12 117.8 105.1 310 50 
32 150x53x18x1.15x1.50 1.10 1.54 117.4 76.2 545* 50 
33 200x53x18x1.15x1.15 1.11 1.11 166.9 150.3 310 50 
34 150x53x18x1.20x1.20 1.24 1.24 109.4 88.5 336 50 
35 200x53x18x1.20x1.20 1.23 1.23 159.2 129.3 336 50 
36 250x53x18x1.20x1.20 1.25 1.24 212.5 171.3 336 50 
37 150x53x18x0.95x0.95 0.91 0.91 119.9 131.7 290 100 
38 150x53x18x1.15x1.15 1.11 1.15 116.8 101.5 310 100 
39 150x53x18x1.15x1.50 1.15 1.57 116.7 74.3 545* 100 
40 200x53x18x1.15x1.15 1.12 1.12 166.5 148.6 310 100 
41 150x53x18x1.15x0.70 1.12 0.71 117.2 165.0 303 100 
42 150x53x18x1.15x0.95 1.12 0.90 116.5 129.4 290 100 
43 150x53x18x1.20x1.20 1.25 1.24 110.0 89.0 336 100 
44 200x53x18x1.20x1.20 1.23 1.25 161.8 129.9 336 100 
45 250x53x18x1.20x1.20 1.25 1.25 212.2 170.4 336 100 
46 150x53x18x0.95x0.95 0.90 0.94 118.2 125.7 290 150 
47 150x53x18x1.15x1.15 1.12 1.11 118.4 106.6 310 150 
48 150x53x18x1.15x1.50 1.15 1.58 116.9 73.9 545* 150 
49 200x53x18x1.15x1.15 1.11 1.11 167.0 150.4 310 150 
50 150x53x18x1.20x1.20 1.24 1.24 109.3 88.1 336 150 
51 200x53x18x1.20x1.20 1.24 1.24 160.7 129.6 336 150 
52 250x53x18x1.20x1.20 1.24 1.24 213.5 172.1 336 150 
Note: Measured values of tf, tw and d1 are given in this table. Other values are nominal. lf = 20 mm. *G500 steel web element.
Table 6: Web Crippling Capacities of Tested Rivet Fastened RHFCBs and Comparisons 
with Available Design Equations for ETF Load Case 
 
Test 
No. 
Rivet Fastened RHFCB 
Section (dxbfxdfxtfxtw) 
lb 
(mm) 
Web Crippling Capacity (kN) Test/(AS/
NZS 
4600) 
Test/ 
Keerthan 
et al. Test 
AS/NZS 
4600 
[26] 
Keerthan 
et al. [12] 
***1 150x53x18x1.20x1.20 25 3.38 5.00 N.A. 0.68 N.A. 
2 200x53x18x1.20x1.20 25 3.38 4.32 1.91 0.78 1.77 
3 250x53x18x1.20x1.20 25 2.67 3.96 0.92 0.67 2.90 
4 150x53x18x0.95x0.95 50 1.86 2.44 1.23 0.76 1.52 
5 150x53x18x1.15x1.15 50 3.18 3.89 2.38 0.82 1.33 
*6 150x53x18x1.15x1.50 50 4.28 14.80 N.A. 0.29 N.A. 
7 200x53x18x1.15x1.15 50 2.38 3.37 1.21 0.71 1.97 
8 150x53x18x1.20x1.20 50 4.65 5.50 3.90 0.85 1.19 
9 200x53x18x1.20x1.20 50 3.32 4.78 2.29 0.69 1.45 
10 250x53x18x1.20x1.20 50 2.62 4.24 1.01 0.62 2.59 
11 150x53x18x0.95x0.95 100 1.98 2.65 1.42 0.75 1.39 
12 150x53x18x1.15x1.15 100 3.39 4.38 2.90 0.77 1.17 
*13 150x53x18x1.15x1.50 100 7.29 15.72 N.A. 0.46 N.A. 
14 200x53x18x1.15x1.15 100 2.53 3.65 1.37 0.69 1.84 
15 150x53x18x1.15x0.70 100 1.03 1.53 0.45 0.67 2.31 
16 150x53x18x1.15x0.95 100 1.91 2.53 1.32 0.76 1.44 
17 150x53x18x1.20x1.20 100 4.74 5.97 4.48 0.79 1.06 
18 200x53x18x1.20x1.20 100 3.54 5.29 2.74 0.67 1.29 
19 250x53x18x1.20x1.20 100 2.74 4.62 1.16 0.59 2.36 
20 150x53x18x0.95x0.95 150 2.01 2.70 1.43 0.74 1.41 
21 150x53x18x1.15x1.15 150 3.42 4.79 3.35 0.71 1.02 
**22 150x53x18x1.15x1.50 150 8.75 16.08 N.A. 0.54 N.A. 
23 200x53x18x1.15x1.15 150 2.60 3.99 1.60 0.65 1.62 
24 150x53x18x1.20x1.20 150 4.90 6.38 5.00 0.77 0.98 
25 200x53x18x1.20x1.20 150 3.74 5.60 3.04 0.67 1.23 
26 250x53x18x1.20x1.20 150 2.78 4.95 1.32 0.56 2.11 
Mean 0.68 1.63 
COV 0.175 0.327 
Note: AS/NZS 4600 and AISI S100 web crippling design equations are identical. 
 * Section failed due to flange crushing.  
 ** Section failed due to combined web crippling and flange crushing. 
 *** Section failed due to lip failure. 
 N.A. Not Applicable.  
 
  
Table 7: Web Crippling Capacities of Tested Rivet Fastened RHFCBs and Comparisons 
with Available Design Equations for ITF Load Case 
 
Test 
No. 
Rivet Fastened RHFCB 
Section (dxbfxdfxtfxtw) 
lb (mm)
Web Crippling Capacity (kN) Test/(AS/
NZS 
4600) 
Test/ 
Keerthan 
et al. Test 
AS/NZS 
4600 
[26] 
Keerthan 
et al. [12] 
**27 150x53x18x1.20x1.20 25 8.13 20.41 N.A. 0.40 N.A. 
**28 200x53x18x1.20x1.20 25 7.10 20.66 N.A. 0.34 N.A. 
**29 250x53x18x1.20x1.20 25 5.53 20.48 N.A. 0.27 N.A. 
**30 150x53x18x0.95x0.95 50 3.50 12.03 N.A. 0.29 N.A. 
**31 150x53x18x1.15x1.15 50 7.71 18.49 N.A. 0.42 N.A. 
**32 150x53x18x1.15x1.50 50 10.81 57.03 N.A. 0.19 N.A. 
**33 200x53x18x1.15x1.15 50 4.82 18.17 N.A. 0.27 N.A. 
**34 150x53x18x1.20x1.20 50 8.75 23.81 N.A. 0.37 N.A. 
**35 200x53x18x1.20x1.20 50 6.09 23.60 N.A. 0.26 N.A. 
**36 250x53x18x1.20x1.20 50 4.81 23.89 N.A. 0.20 N.A. 
37 150x53x18x0.95x0.95 100 3.43 14.66 2.73 0.23 1.26 
38 150x53x18x1.15x1.15 100 5.89 23.36 5.72 0.25 1.03 
*39 150x53x18x1.15x1.50 100 9.56 70.23 N.A. 0.14 N.A. 
40 200x53x18x1.15x1.15 100 4.93 22.29 3.70 0.22 1.33 
41 150x53x18x1.15x0.70 100 1.80 10.06 1.33 0.18 1.36 
42 150x53x18x1.15x0.95 100 3.47 14.39 2.72 0.24 1.27 
43 150x53x18x1.20x1.20 100 7.17 28.63 7.77 0.25 0.92 
44 200x53x18x1.20x1.20 100 5.78 28.97 5.75 0.20 1.01 
45 250x53x18x1.20x1.20 100 4.58 28.92 3.94 0.16 1.16 
46 150x53x18x0.95x0.95 150 3.56 17.60 3.24 0.20 1.10 
47 150x53x18x1.15x1.15 150 5.93 24.89 5.47 0.24 1.08 
*48 150x53x18x1.15x1.50 150 11.59 79.68 N.A. 0.15 N.A. 
49 200x53x18x1.15x1.15 150 4.93 24.84 3.80 0.20 1.30 
50 150x53x18x1.20x1.20 150 7.28 32.55 8.35 0.22 0.87 
51 200x53x18x1.20x1.20 150 5.73 32.48 6.06 0.18 0.95 
52 250x53x18x1.20x1.20 150 4.62 32.42 4.07 0.14 1.14 
Mean 0.24 1.13 
COV 0.315 0.142 
Note: AS/NZS 4600 and AISI S100 web crippling design equations are identical. 
 * Section failed due to flange crushing.  
 ** Section failed due to combined web crippling and flange crushing. 
 N.A. Not Applicable.  
 
 
  
Table 8: Comparison of Web Crippling Capacities of Rivet Fastened RHFCBs from 
Tests and Proposed Equation 2 for ETF Load Case 
 
Test No. Rivet Fastened RHFCB Section (dxbfxdfxtfxtw) 
lb (mm) 
Web Crippling 
Capacity (kN) Test/Proposed 
Equation 2 Test Proposed Equation 2 
***1 150x53x18x1.20x1.20 25 3.38 N.A. N.A. 
2 200x53x18x1.20x1.20 25 3.38 3.28 1.03 
3 250x53x18x1.20x1.20 25 2.67 2.62 1.02 
4 150x53x18x0.95x0.95 50 1.86 1.80 1.03 
5 150x53x18x1.15x1.15 50 3.18 3.08 1.03 
*6 150x53x18x1.15x1.50 50 4.28 N.A. N.A. 
7 200x53x18x1.15x1.15 50 2.38 2.32 1.03 
8 150x53x18x1.20x1.20 50 4.65 4.62 1.01 
9 200x53x18x1.20x1.20 50 3.32 3.55 0.93 
10 250x53x18x1.20x1.20 50 2.62 2.72 0.96 
11 150x53x18x0.95x0.95 100 1.98 1.89 1.05 
12 150x53x18x1.15x1.15 100 3.39 3.37 1.00 
*13 150x53x18x1.15x1.50 100 7.29 N.A. N.A. 
14 200x53x18x1.15x1.15 100 2.53 2.42 1.05 
15 150x53x18x1.15x0.70 100 1.03 0.94 1.10 
16 150x53x18x1.15x0.95 100 1.91 1.78 1.07 
17 150x53x18x1.20x1.20 100 4.74 4.84 0.98 
18 200x53x18x1.20x1.20 100 3.54 3.82 0.93 
19 250x53x18x1.20x1.20 100 2.74 2.87 0.96 
20 150x53x18x0.95x0.95 150 2.01 1.85 1.09 
21 150x53x18x1.15x1.15 150 3.42 3.63 0.94 
**22 150x53x18x1.15x1.50 150 8.75 N.A. N.A. 
23 200x53x18x1.15x1.15 150 2.60 2.60 1.00 
24 150x53x18x1.20x1.20 150 4.90 5.06 0.97 
25 200x53x18x1.20x1.20 150 3.74 3.96 0.94 
26 250x53x18x1.20x1.20 150 2.78 3.02 0.92 
Mean = 1.00, COV = 0.053 
Note: * Section failed due to flange crushing.  
 ** Section failed due to combined web crippling and flange crushing. 
 *** Section failed due to lip failure. 
 N.A. Not Applicable.  
  
Table 9: Comparison of Web Crippling Capacities of Rivet Fastened RHFCBs from 
Tests and Proposed Equation 3 for ITF Load Case 
 
Test No. Rivet Fastened RHFCB Section (dxbfxdfxtfxtw) 
lb (mm) 
Web Crippling 
Capacity (kN) Test/Proposed 
Equation 3 Test Proposed Equation 3 
**27 150x53x18x1.20x1.20 25 8.13 N.A. N.A. 
**28 200x53x18x1.20x1.20 25 7.10 N.A. N.A. 
**29 250x53x18x1.20x1.20 25 5.53 N.A. N.A. 
**30 150x53x18x0.95x0.95 50 3.50 N.A. N.A. 
**31 150x53x18x1.15x1.15 50 7.71 N.A. N.A. 
**32 150x53x18x1.15x1.50 50 10.81 N.A. N.A. 
**33 200x53x18x1.15x1.15 50 4.82 N.A. N.A. 
**34 150x53x18x1.20x1.20 50 8.75 N.A. N.A. 
**35 200x53x18x1.20x1.20 50 6.09 N.A. N.A. 
**36 250x53x18x1.20x1.20 50 4.81 N.A. N.A. 
37 150x53x18x0.95x0.95 100 3.43 3.02 1.14 
38 150x53x18x1.15x1.15 100 5.89 5.81 1.01 
*39 150x53x18x1.15x1.50 100 9.56 N.A. N.A. 
40 200x53x18x1.15x1.15 100 4.93 4.35 1.13 
41 150x53x18x1.15x0.70 100 1.80 1.67 1.07 
42 150x53x18x1.15x0.95 100 3.47 2.99 1.16 
43 150x53x18x1.20x1.20 100 7.17 7.65 0.94 
44 200x53x18x1.20x1.20 100 5.78 6.32 0.91 
45 250x53x18x1.20x1.20 100 4.58 5.11 0.90 
46 150x53x18x0.95x0.95 150 3.56 3.52 1.01 
47 150x53x18x1.15x1.15 150 5.93 5.63 1.05 
*48 150x53x18x1.15x1.50 150 11.59 N.A. N.A. 
49 200x53x18x1.15x1.15 150 4.93 4.50 1.10 
50 150x53x18x1.20x1.20 150 7.28 8.21 0.89 
51 200x53x18x1.20x1.20 150 5.73 6.66 0.86 
52 250x53x18x1.20x1.20 150 4.62 5.32 0.87 
Mean = 1.00, COV = 0.108 
Note: * Section failed due to flange crushing.  
 ** Section failed due to combined web crippling and flange crushing. 
 N.A. Not Applicable.  
  
Table 10: Proposed Web Crippling Coefficients for Rivet Fastened RHFCBs 
 
Load Case Equations C Cr Cl Cw Mean COV 
ETF AS/NZS 4600 13 0.32 0.05 0.04 0.68 0.175 Proposed 15.58 0 0.03 0.055 1.00 0.053 
ITF AS/NZS 4600 24 0.52 0.15 0.001 0.24 0.315 Proposed 20.79 0 0.04 0.05 1.00 0.108 
 
  
Table 11: Comparison of Flange Crushing Capacities of Rivet Fastened RHFCBs from 
Tests and Proposed Equations 5 and 6 
 
Test No. Rivet Fastened RHFCB Section (dxbfxdfxtfxtw) 
lb (mm) 
Load 
Case 
Flange Crushing 
Capacity (kN) Test/Proposed 
Equations 5 
and 6 Test 
Proposed 
Equations 
5 and 6 
6 150x53x18x1.15x1.50 50 ETF 4.28 4.12 1.04 
13 150x53x18x1.15x1.50 100 ETF 7.29 7.61 0.96 
Mean = 1.00, COV = 0.057 
39 150x53x18x1.15x1.50 100 ITF 9.56 8.86 1.08 
48 150x53x18x1.15x1.50 150 ITF 11.59 12.60 0.92 
Mean = 1.00, COV = 0.113 
 
